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(54) Apparatus for receiving digital information signals 



(57) An apparatus for receiving digital ^information 
signals, which comprises a signal receiving portion for : 
receiving a digital information signal composed of a se- 
ries of transmission frames each containing a plurality 
of segmental periods each named Symbol and including 
a reference Symbol for synchronization, a reference 
Symbol data extracting portion for extracting data from 
each of transmission frames of digital data obtained 
from the received digital information signal, a frequency 
offset detecting portion for obtaining a first frequency off- 



set detection output in connection with the received dig- 
ital information signal by determining the strength refer- 
ence Symbol data at every transmission frame and ob- 
taining also a second frequency offset detection output 
» in connection with the received digital information signal 
by determining the strength of specific data included in 
each of a plurality of Symbols at every one of the Sym- 
bols, and a frequency synchronizing control portion op- 
erative to cause the received digital information signal 
to have reduced frequency offset in response to the first 
and second frequency offset detection outputs. 
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Description 

[0001] The present invention relates generally to an 
apparatus tor receiving digital information signals, and 
more particularly, to a digital information signal receiving - s 
apparatus which is operative to receive a digital infor- 
mation signal, such as a digital audio broadcasting sig- ' 
nal, and to obtain a reproduced information signal, such 
as a reproduced audio signal, based on the digital infor- * " 1 
mation signal received thereby. io 
[0002] Although an analog audio broadcasting sys- 
tem which includes an amplitude-modulated (AM) audio 
broadcasting system in which audio signals are trans- 
mitted through the form of an AM audio information sig- 
nal and a frequency-modulated (FM) audio broadcast- ! is 
ing system in which audio signals are transmitted 
through the form of a FM audio information signal, has 
been put to practical use for a long time in the field of 
audio broadcasting, there has been recently proposed 
to introduce a digital audio broadcasting system in which 20 
audio signals are transmitted through the form of a dig- 
ital audio information signal for the purpose of improving ' 
quality of audio information transmitted or received in' ; 
the system. Especially, in the region of Europe, the dig— " 
ital audio broadcasting system called "DAB B has been 2S : 
already put to practical use in some countries. 
[0003] The digital audio information signal transmitted 
from a broadcasting station under the digital audio 
broadcasting system is called a digital audio broadcast- 
ing signal. The digital audio broadcasting signal carries 30 
not only audio information data forming a digital audio "'*"'' 
signal but also service information data representing 
service information, such as weather forecast, traffic in- 

— format ion-and so onrand further ba rrres'control informa- ~ 

tion data which are necessitated for reproducing the dig- 
ital audio signal based on the audio information data and 
the service information based on the service information 
data on the receiving side. Then, the digital audio broad- 
casting signal is a modulated wave signal obtained by 
modulating a carrier wave signal with digital data, such 
as audio information data, service information data, con- 
trol information data and so on, in accordance with the 
Orthogonal Frequency Division Multiplexing (OFDM) 
system and the digital data transmitted by the digital au- 
dio broadcasting signal is composed of a series of frame 45 
units, each of which is called a transmission frame. 
[0004] The transmission frame has a time duration of, 
for example, 96 ms and contains 77 segmental periods 
each named Symbol and identified with' Symbol 0 to 
Symbol 76, respectively, as shown in Fig. 1 The Symbol so 
0 is a null Symbol where the modulated wave signal 
does not exist in actual fact The Symbol i is a reference 
Symbol for synchronization. The Symbol 0 which is the 
null Symbol corresponds to about 1.3 ms and each of 
the Symbol 0 to the Symbol 76 corresponds to about ss 
1.25 ms. ' 
[0005] A channel named Synchronous Channel is al- 
located to the Symbol 0 and the Symbol, a channel 



35 



40 



named Fast Information Channel (FIC) is allocated to 
the Symbol 2 to the Symbol 4 following the Symbol 1 , 
and a channel named Main Service Channel (MSC) is 
allocated to the Symbol 5 to the Symbol 76 following the ; 
Symbol 4,' as shown in Fig. 1 . The MSC is composed of 
a series of frames each named Common Interleaved 
Frame (GIF) for transmitting the audio information data 
; and the service information data, the FIC is composed 
'of series of blocks each named First Information Block . 
(FiB). The FIB contains a couple of portions of . a FIB 
data field and an error checking word, and the FIB data 
field is composed of a series of groups each named Fast 
Information Groups (FIGs). The FIC thus formed trans- 
mits the control information data representing multiplex 
configuration information (MCI) and other information. 
[0006] Each of the Symbol 1 to the Symbol 76 con- 
tains a couple of portions Gi and Se. The portion Gi is 
named Guard Interval and corresponds to about 0.246 
ms. The portion Se is named Effective Symbol and cor- 
responds to about i his! Ah end portion Se' of the Ef- 
fective Symbol Se contains the same data as those con- 
tained in the Guard IntervarGL 

[0007] In a digital information signal receiver which is 
' used for receiving the digital audio broadcasting signal 
' which is the modulated wave signal obtained by modu- 
fating a carrier' wave signal with digital data, sgch as au- 
dio information data, 'service information data, control 
information data arid so on, in accordance with the 
'OFDM system and obtaining a reproduced audio signal 
' based on the digital audio broadcasting signal received 
thereby, the digital data, such as the audio information . 
data, the service information data, the control informa- 
tion data and so on, obtained based on the received dig- 
""rta^audio - broadcasting signal, may be accompanied 
with errors resulting from undesirable frequency offset 
of . the' received digital audio broadcasting signal. Ac- 
cordingly, there t has been previously proposed .to detect 
' the frequency biff set of the received digital audio broad- 
t casting signai on the'strength of the digital data obtained 
based on the received digital audio broadcasting signal 
and to provide a frequency synchronizing control to the 
received digital audio broadcasting signal in response 
to the detected frequency offset, so that the frequency 
offset of the digital audio broadcasting signal is reduced. 
[0008] The detection of frequency offset of the re- 
ceived digital audio broadcasting signal which is re- 
quired for the frequency synchronizing control to the re-, 
ceived digital audio broadcasting signal has been pre- 
viously carried out with use of the reference Symbol for 
synchronization contained in each of the transmission 
frames constituting the digital data. That is, the refer- 
ence Symbol is obtained from the digital data and 
caused to be subjected to frequency analysis and the 
frequency offset of the received digital audio broadcast- 
ing signal is calculated based on the result of the fre- 
quency analysis to which the reference Symbol is sub- 
jected, so that the frequency offset of the received digital 
audio broadcasting signal is detected. 
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[0009] Such a detection of frequency offset of the re- 
ceived digital audio broadcasting signal as carried out 
with use of the reference Symbol for synchronization is . 
only practiced at every transmitting frame. Therefore, in 
the frequency synchronizing control to the received dig- 
ital audio broadcasting signal, it is feared that a relatively 
long time is required to. put the received digital audio 
broadcasting signal into a frequency synchronizing con- 
dition and further feared that the received digital audio 
broadcasting signal put in the frequency synchronizing 
condition is easily influenced adversely by undesirable 
variations in the digital audio broadcasting signal result : ^ 
ing from fading thereon or the like. 1 , 
[0010] According to the present invention, there is 
provided an apparatus for receiving digital information 
signals, which comprises a signal receiving portion for „ 
receiving a digital information signal for transmitting dig- . 
ital data composed of a series of transmission frames ., 
each containing a plurality of segmental periods each 
named Symbol and including a reference Symbol, for 
synchronization to obtain a received digital information 
signal, a reference Symbol data extracting portion for 
extracting data transmitted through a reference Symbol 
from each of transmission frames of digital data ob- 
tained from the received digital information signal, a fre- 
quency offset detecting portion for obtaining a first fre- 
quency offset detection output in connection with the re- 
ceived digital information signal on the strength of data 
transmitted through the reference Symbol at every " 
transmission frame and obtaining also a second fre- 
quency offset detection output in connection with the re- 
ceived digital information signal qn the strength of spe- . 
cific data included in data transmitted through each of a , 
plurality of Symbols at every one of the Symbols, and a 
frequency synchronizing control portion operative to ., 
cause the received, digital information signal to have re- 
duced frequency offset in response to the first and sec-., 
ond frequency offset detection outputs obtained from, 
the frequency offset detecting portion. . ... 

[0011] In an embodiment of apparatus for receiving , 
digital information signals according to the present in-~ 
vention, the frequency synchronizing control portion ; 
comprises a frequency conyertbr provided in the signal 
receiving portion for causing the digital information sig- 
nal received by the signal receiving portion to be sub- 
jected to frequency conversion. 
[0012] In the apparatus. for receiving digital informa- 
tion signals thus constituted in accordance with the 
present invention, at the frequency offset detecting por- 
tion, the detection of frequency offset of the received 
digital information signal is carried out on the strength 
of the data transmitted through the reference Symbol 
contained in the digital date obtained from the received 
digital information signal at every transmission frame 
and the first frequency offset detection output in connec- 
tion with the received digital information signal is ob- ; 
tained at every transmission frame, and the detection of . 
frequency offset of the received digital information sig- 
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nal is carried out on the strength of the specific data in- 
cluded in the data transmitted through each of the Sym- 
bols constituting each transmission frame of the digital 
data obtained from the received digital information sig- 
nal at every one of the Symbols and the second frequen- 
cy offset detection output in connection with the re- 
ceived digital information, signal is obtained at every one 
.of the Symbols, then, at the frequency synchronizing 
^control portion, with the frequency synchronizing control 
to. the received digital information signal carried out in 
response, to, for example, a control signal which pro- 
. duced based on the first and second, frequency offset 
detection outputs, the frequency offset of the received 
digital information signal is reduced in response to the 
first and second frequency offset detection outputs ob- 
tained from the frequency offset detecting portion. 
[0013] Accordingly, the detection of frequency offset 
of. the received digital information signal is carried out 
. on the strength of the data transmitted through the ref- 
erence Symbol contained in the digital date obtained 
from the received digital information signal at every 
, .jtf^nsmission. frame and carried out also on the strength 
^pf , the specific data included in the data transmitted 
^through each of the Symbols constituting each transmis- 
v sion frame of the digital data obtained from the received 
djcjital information signal. at every one of the Symbols, 
and the detection outputs obtain. thereby are reflected 
,--to 4he frequency synchronizing control to the received 
digital information signal so that the, frequency offset of 
the received digital information signal is reduced. Con- 
sequently, in connection with the frequency synchroniz- 
jag, control to the received digital information signal, the 
received digital informatioasignal can be rapidly put into 
a frequency, synchronizing condition and the received 
digital information signal put-in the frequency synchro- 
nizing condition can be. prevented from being easily in- 
fluenced adversely by undesirable variations in the dig- 
ital information signal resulting from fading thereon .or 
jhe like. ... 
[001 4] Further, in the embodiment of apparatus for re- 
ceiving digital information signals accordjng to the 
. present invention, since the frequency synchronizing 
. control portion comprises the frequency convertor pro- 
, vided in the signal receiving portion for causing the dig- 
. ital information signal., received by the signal receiving 
portion to be. subjected to frequency conversion, the fre- 
quency synchronizing control for reducing the frequency 
offset of the received digital information signal can be 
surely carried out with a relatively^ simple circuit struc- 
ture, i 

[0015] Hence, there may be provided an apparatus 
for receiving digital information signals, by which a dig- 
ital information signal for transmitting digital data com- 
posed of a series of transmission frames each contain- 
ing a plurality of segmental periods each named Symbol 
. and including a reference Symbol for synchronization is 
received, frequency offset of the received digital infor- 
mation signal is detected on the strength of digital data 
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obtained from the received digital information signal, 
and the received digital information signal is subjected, 
in response to the detected frequency offset, to a fre- 
quency synchronizing control so that the frequency off- 
set of the received digital information signal is reduced, $ 
and which avoids the aforementioned disadvantages 
encountered with the prior art. 

[0016] There may also be provided an apparatus for 
receiving digital information signals, a digital information ' 
signal for transmitting digital data composed of a series to 
of transmission frames each containing a plurality of 
segmental periods each named Symbol and including a ' - 
reference Symbol for synchronization is received, fre- 
quency offset of the received digital information signal 
is detected on the strength of digital data obtained from is 
the received digital information signal, and the received 
digital information signal is subjected, in response to the 
detected frequency offset; to a frequency synchronizing 
control so that the frequency off set of the received digital 
information signal is reduced, and in which the received 26 
digital audio broadcasting signal can be rapidly put into^ u 
a frequency synchronizing condition. ' 
[0017] There may also be provided an apparatus for 1 
receiving digital information signals, a digital information 
signal for transmitting digital data composed of a series 2s 
of transmission frames each containing a plurality of 
segmental periods each named Symbol and including a 
reference Symbol for synchronization is received, fre- 
quency offset of the received digital information signal 1 
is detected on the strength of digital data obtained from : 30 
the received digitalinformation signal, and the received r 
digital information signal is subjected, in response to the ' 
detected frequency offset, to a frequency synchronizing : ' 
_controLso that the f requency off set of the reeeived digital^^— 
information signal is reduced, and in which the received 35 
digital audio broadcasting signal put in a frequency syn- 
chronizing condition can be prevented from being easily 
influenced adversely by undesirable variations in the 
digital audio broadcasting signal resulting from fading 
thereon or the like. 

[0018] The above, and other objects, features and ad- 
vantages of the present invention will be become appar- 
ent from the following detailed description taken in con- 
junction with the accompanying drawings, in which: 

Fig. 1 is an illustration showing signal formats used 
for explaining a digital audio broadcasting signal " 
which is one of digital information signals; and 
Fig. 2 is a schematic block diagram showing a main 
part of an embodiment of apparatus for receiving 50 
digital information signals according to the present 
invention. 

[0019] Fig. 2 shows schematically a main part of an 
embodiment of apparatus for receiving digital informa- ss 
tion signals according to the present invention. The em- 
bodiment having the main part shown in Fig. 2 is oper- 
ative to receive a digital audio broadcasting signal which 
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is one of the digital information signals. 
[0020] The digital audio broadcasting signal received 
by the embodiment having the main part shown in Fig. 
2 is a modulated wave signal obtained by modulating a 
carrier wave signal with digital data, such as audio in- 
formation data, service information data : control infor- 
mation data and so on, in accordance with the OFDM 
system and the digital data transmitted by the digital au- 
dio broadcasting signal is composed of a series of frame 
' units each called a transmission frame/ as shown in Fig. 

1 and aforementioned. , . 

■ [0021] Referring to Fig. 2, a digital audio broadcasting 
signal SRF which is one of a plurality of digital audio 
broadcasting signals transmitted from broadcasting sta- 
tions and having reached to a receiving antenna 11 is 
amplified by a radio frequency amplifier 12 and then 
supplied to a frequency convertor 13. A local oscillation 
signal OSL from a local oscillator 14 is also supplied to 
the frequency convertor 1 3. The local oscillator 1 4 is op- 
erative to control, in accordance with a tuning control 
signal CCH supplied through a terminal 15, the local os- 
'cillation signal OSL to : have a frequency appropriate to 
the carrier frequency of the digital audio broadcasting 
r signal SRF. 

[0022] In the frequency convertor 1 3, the digital audio 
broadcasting signal SRF is subjected to a frequency- 

: 'converting processing with use of the local oscillation 
signal OSL to produce an intermediate frequency digital 
audio signal SI F having a predetermined intermediate 

! frequency. The intermediate frequency digital audio sig- 
nal SI F is derived from the frequency convertor 1 3 to be 

' a received digital audio broadcasting signal and sup- 
plied to an analog to digital (A/D) convertor 16. 

^[0023] — A digital intermediate frequency signal DIF cor- 
responding to the intermediate' frequency digital audio 
signal SI F is obtained from the A/D convertor 16 to be 
supplied to a quadrature demodulator 17: In I the quad : 
nature demodulator 1 7, the digital intermediate frequen- 
cy signal DIF is subjected to a quadrature demodulation 
processing to produce I and Q signals Dl and DQ which 
are a pair of quadrature demodulated output signals! 
The I and Q signals Dl and DQ are derived from the 
quadrature (demodulator 1 7 as digital data obtained from 
the received digital audio broadcasting signal. 
[0024] The I and Q signals Dl and DQ obtained from 
the quadrature demodulator 17 are supplied to each of 
a fast Fourier transform (FFT) differential dernodulator 
18 and a frequency offset detector 20. In the FFT differ- ' 
ential demodulator 18, each of the I and Q. signals Dl 
and DQ is subjected to transformation from a time do- 
main signal to a frequency demean signal to produce 

' synchronous information data DRS representing syn- 
chronous information transmitted through Symbol 1, 
namely, a reference Symbol for synchronization to 
which a Synchronous Channej is allocated in each 
transmission frame, control information data DCD rep- 
resenting control information transmitted through Sym- 
bols 2 to 4 to which a Fast Information Channel (FIC) is 
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allocated in each transmission frame, and composite 
data DXD composed of audio information data and serv- 
ice information data representing respectively audio in- 
formation and service information transmitted through . 
Symbols 5 to 76 to which a Main Service Channel (MSC) 
is allocated in each transmission frame. The audio in^ 
formation data and the service information data consti- 
tuting the. composite data DXD have been subjected to 
time interleaving arrangements. , 
[0025] Since the synchronous information data DRS 
representing the synchronous .information transmitted 
through the reference Symbol for synchronization are 
obtained from the FFT differential demodulator 1 8, a ref- 
erence Symbol data extracting portion for extracting da- 
ta transmitted through the reference Symbol contained 
in each transmission frame of the digital data obtained 
from the received digital audio broadcasting signal, is 
constituted by the FFT differential demodulator 18. 
[0026] The synchronous information data DRS are 
supplied from the FFT differential demodulator .1 8 to the 
frequency offset detector 20. The control information da- 
ta DCD are supplied from the FFT. differential demodu- .., 
lator 18 to a Vitervi decoder 21. The composite datg ir 
DXD are supplied from the FFT differential demodulator 
1 8 to a time de-interleaving portion 22. in the time de r 
interleaving portion 22, program information jiata select-, 
ed from the audio information data constituting the com-. - 
posite data DXD or program information data selected 
from the service information data constituting the;Cpm-. . 
posite data DXD are subjected to a time.de-interleaving, . 
arrangement to be released from the time interleaving . 
arrangement. Then, time de-interleaved program irifor-,... 
mation data DPD are. obtained from the. time de-inter- 
leaving portion 22 to be supplied to the Vitervi decoder 
21. ' •' .. \,' ' _ . ' '/ 

[0027] In the Vitervi decoder 21 , the control informa- . 
tion data DCD from trie FFT "differential demodulator 18 -, 
and the time deiinterleaved program .information data 
DPD from the time de-interleaving portion 22 are sub- 
jected respectively to error correction processings. The 
time de-interleaved program information data DPD sub- .... 
jected to the error, correction^processing are supplied , 
from the Vitervi decoder 21 to a program selector 23 and 
the control information data DCD subjected to the error 
correction processing are derived from the Vitervi. de- 
coder 21 to be supplied ; to a control unit (C.U.). which is 
not shown in, Fig. 2. / 

[0028] From the program selector 23, audio program 
data DAD or service program data DSD which are ob- . 
tained based on the time de-interleaved program infor- 
mation data DPD or the control information data DCD 
subjected to the error correction processing at the^ Vit- 
ervi decoder 21 are derived. 

[0029] The audio program data DAD derived from the 
program selector 23 are supplied to a high efficiency de-. 
coder 24. In the high, efficiency decoder 24, the audio, 
program data DAD are subjected to a high efficiency de- 
coding by which data suppressed in accordance with a 
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high efficiency coding are expanded to produce decod- 
ed audio data DA. 

[0030] The decoded audio data DA obtained from the 
high efficiency decoder 24 are supplied to a digital to 

. analog (D/A) convertor 25 to be converted to an analog 
sound signal forming a reproduced audio signal SA cor- 
responding to the decoded^ audio data DA. The repro- 

* duped audio signal SA is derived from the D/A convertor 
25. to an output terminal 26.. 

[0Q31] The service prpgram data DSD derived from 
the program selector 23^ are supplied to a decoder 27. 
In the decoder 27, the. service program data DSD are 
subjected, to a decoding processing to produce repro- 
. duced service data DS based on the service program 
data DSD. The reproduced service data DS are derived 
from the decoder 27 to an output terminal 28. 
[0032] In the frequency offset detector 20 to which the 
digital I and Q signals Dl and DQ derived from the quad- 
rature demodulator 1 7 and the synchronous information 
data DRS representing the synchronous information 
^transmitted through the reference Symbol for synch ro- 
; pjzation obtained from the FFT differential demodulator 
,18 are supplied, the detection of frequency offset of the 
: intermediate, frequency digital audio signal SIF as, the 
received digital audio broadcasting signal is carried out 
on the strength of both of the synchronous information 
..■p^ata DRS and the digital- 1 and Q signals Dl and DQ. . 
, i[d033] In the detection of frequency offset of the inter- 
j ..mediate frequency digital : audio signal SIF carried out 
-.pn.jthe strength of the synchronous information data 
, DRS, a correlation between the synchronous informa- 
tion transmitted through the reference Symbol (Symbol 
. 1) as shown in Fig. 1 and represented by the synchro- 
nous information, data DRS and reference synchronous 
information on a reference table provided previously in 
thejrequency offset detector 20 is checked to obtain a 
yalue of correlation, then a frequency analysis is carried 
. out by detecting a peakposition of the value of correla- 
tion, and finally the frequency offset of the intermediate . 

frequency digital audio signal SIF is calculated based 
: on:the result of the frequency. analysis. This detection 
of frequency offset of the intermediate frequency digital 
audio signal SIF is carried out at every timing at which 
. the synchronous information data DFIS are supplied to 
the frequency offset detector 20, in other words, at every 
transmission frame of the digital I and Q signals Dl and 
DQ derived from the quadrature demodulator 17. 
[0034] As the result of the detection of frequency off- 
set of the intermediate frequency digital audio signal SIF 
carried out on the strength of the synchronous informa- 
tion data DRS, frequency offset detection output data 
DFOR are obtained from the frequency offset detector 
20 at every transmission frame of the digital I and Q sig- 
nals Dl and DQ and supplied to a control data generator 
30.. 

[0035] In the detection of frequency offset of the inter- 
mediate frequency digital audio signal SIF carried out 
on the strength of the digital I and Q signals Dl and DQ, 
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a correlation between data transmitted through a Guard 
Interval Gi in each of Symbols 1 to 76 contained in each 
transmission frame of the digital I and Q signals Dl and 
DQ and data transmitted through an end portion Se' of 
an Effective Symbol Se in one of the Symbols 1 to 76, s 
which has been delayed by a time corresponding to the 
Effective Symbol Se, is checked to obtain a value of cor- ! 
relation, then the value of correlation thus obtained is 
subjected to an integration processing during a period 
corresponding to the data transmittecl, through the >o 
Guard Interval Gi, arid finally the frequency offset of the 
intermediate frequency digital audio signal SIF is caIcu-~ 
lated based on the phase of a peak position of an inte- 
grated value of correlation as the result of the integration 
processing. This detection of frequency offset of the in- is 
termediate frequency digital audio signal SIF is carried 
out at every timing at which the data transmitted through 
each of the Symbols 1 to 76 contained in each transmis- 
sion frame of the digital I and Q signals Dl and DQ are 
supplied to the frequency offset detector 20, in other 20 
words, at every one of the Symbols 1 to 76 contained in 
each transmission frame of the digital I and Q signals 
Dl and DQ. 

[0036] As the result of the detection of frequency off- 
set of the intermediate frequency digital audio signal SI F 25 
carried out on the strength of the digital I and Q signals 
Dl and DQ, frequency offset detection output data 
DFOS are obtained from the frequency offset detector 
20 at every one of the Symbols 1 to 76 contained in each 
transmission frame of the digital I and Q signals Dl and 30 
DQ and supplied to a control data generator 30. 
[0037] In the control data generator 30, control data 
DCL are produced based on both of the frequency offset 

— deteetion-output-data-DFOR-and-the-frequency-offset 

detection output data DFOS obtained separately from 35 
the frequency offset detector 20. The control data DCL 
thus obtained from the control data generator 30 are 
subjected to a digital to analog conversion processing 
to produce a control signal SCL at a D/A convertor 31 
and the control signal SCL is supplied to the local oscil- 40 
lator 1 4. 

[0038] In the local oscillator 14, the frequency of the 
local oscillation signal OSL is controlled to vary in re- 
sponse to the control signal SCL from the D/A convertor 
31, that is, in response to each of the frequency offset 45 
detection output data DFOR and the frequency offset 
detection output data DFOS obtained separately from 
the frequency offset detector 20. As a result of this, the 
intermediate frequency digital audio signal SI F obtained 
from the frequency convertor 1 3 as the received digital so 
audio broadcasting signal is caused to be reduced in 
frequency offset. This means that the frequency offset 
of the intermediate frequency digital audio signal SI F ob- 
tained from the frequency convertor 1 3 as the received 
digital audio broadcasting signal is reduced in response ss 
to each of the frequency offset detection output data 
DFOR and the frequency offset detection output data 
DFOS obtained as the result of the detection of frequen- 



cy offset of the intermediate frequency digital audio sig- 
nal SIF carried out in the frequency offset detector 20. 
[0039] As described above, a frequency synchroniz- 
ing control to the intermediate frequency digital audio 
signal SIF is carried out in response to the result of the 
detection of frequency offset of the intermediate fre- 
quency digital audio signal SIF carried out . in the fre- 
quency offset detector 20, so as to reduce the frequency 
offset of the intermediate frequency digital audio signal 
SIF obtained from the frequency convertor 1 3 as the re- 
ceived digital audio broadcasting signal, in a portion in- 
, eluding the frequency convertor 13, the local oscillator 
14, the control data generator 30 and the D/A convertor 
31. Therefore, a frequency synchronizing controller 
which is operative to cause the intermediate frequency 
digital audio signal SIF obtained from the frequency con- - 
vertor 13 as the received digital audio broadcasting sig- 
nal to have reduced frequency offset in response -to 
each of the frequency offset detection output data 
DFOR and the frequency offset detection output data 
DFOS obtained from the frequency offset detector 20, 
is constituted by the portion including the frequency con- 
vertor 13, the local .oscillator 14, the control data gener- 
ator 30 and the D/A convertor 31 . ; 
[0040] Further, the frequency convertor 1 3 consti- 
tutes, together with the receiving antenna and the radio 
frequency amplifier ,12, a signal receiving portion for re- 
ceiving the. digitaj audio broadcasting signal SRF to ob- 
tain the intermediate-frequency digital audio signal SIF 
as the received digital audio broadcasting signal, 
[0041] In the frequency synchronizing control to the 
intermediate frequency digital audio signal SIF carried 
out as described above, since the control is performed 
Hn response to both of the frequency offset detection out- 
put data DFOR and the frequency offset detection out- 
put data DFOS obtained from the frequency offset de- 
tector 20, the intermediate frequency digital audio signal 
SIF can be rapidly put into a frequency synchronizing 
condition and the intermediate frequency digital audio 
signal SIF put in the frequency synchronizing condition 
can be prevented from being easily influenced adverse- 
ly by undesirable variations in the digital audio broad- 
casting signal SRF resulting from fading thereon or the 
like. 

[0042] Further, since the frequency synchronizing 
controller comprises the frequency convertor 1 3 provid- 
ed in the signal receiving portion for causing the digital 
audio broadcasting signal SRF received by the signal 
receiving portion to be subjected to frequency conver- 
sion, the frequency synchronizing control for reducing 
the frequency offset of the intermediate frequency digital 
audio signal SIF can be surely carried out with a rela- 
tively simple circuit structure. 
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1. An apparatus for receiving digital information sig- 
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nals comprising: 

a signal receiving portion for receiving a digital 
information signal for transmitting digital data 
composed of a series of transmission frames 
each containing a plurality of segmental peri- 
ods each named Symbol and including a refer- 
ence Symbol for synchronization to obtain a re- 
ceived digital information signal, ' 
a reference Symbol data extracting portion fbr 
extracting data transmitted through a reference • 
Symbol from each of transmission frames of 
digital data obtained from the received digital ' 
information signal, 

a frequency offset detecting portion for obtain- 
ing a first frequency offset detection output in 
connection with the received digital information 
signal on the strength of data transmitted 
through the reference Symbol at every, trans- 
mission frame and obtaining also a second fre- 
quency offset detection output in connection 
with the received digital information signal on 
the strength of specific data included in data' 
transmitted through each of a plurality of Sym-' 
bols at every one of the Symbols, ahd 
a frequency synchronizing control portion oper- 
ative to cause the received digital information 
signal to have reduced frequency offset in re- 
sponse to the first and second frequency offset" 
detection outputs obtained from the frequency' 
offset detecting portion. 1 . : . 
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tained by causing the value of correlation to be sub- 
jected to an integration, processing during a period 
corresponding to the specific data for obtaining the 
second frequency offset detection output, . 

An apparatus for receiving digital information sig- 
nals according to claim 1 , 2, 3 or 4 wherein said fre- 
quency synchronizing control portion comprises a 
frequency converter provided in the signal receiving 
portion for causing the digital information signal re- 
ceived by said signal receiving portion to be sub- 
jected to frequency conversion. ; 



2. An apparatus for receiving digital information sig- 
nals according to claim 1, wherein said reference 
Symbol data extracting portion comprises a fast' 
Fourier transform differential demodulator provided - 
to process the digital data obtained from the re- 
ceived digital information signal. - 1 ' : r 



35- 



3. An apparatus for receiving digital information sig- 
nals according to claim 1 or 2, wherein said f requen- - 
cy offset detecting portion is operative to carry out 
a frequency analysis of the data transmitted through 1 
the reference Symbol and to calculate frequency 
offset based on the result of the frequency analysis 
for obtaining the first frequency offset detection out- 
put. 



40 



45 



An apparatus for receiving digital information sig- 
nals according to claim 1, 2 or 3, wherein said fre- 
quency offset detecting portion is operative to check 
a correlation between a specific data included in da- 
ta transmitted through each of the Symbols and a 
specific data included in data transmitted through 
one of the Symbols delayed by a predetermined 
time for obtaining a value of correlation and to cal- 
culate frequency offset based on a phase of a peak 
position of an integrated value of correlation ob- * 
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